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Abstract
We estimate the resonance coupling strength fRNω and fRNρ from
a Vector Meson Dominance (VMD) analysis. The isoscalar and isovec-
tor part of the photon coupling are obtained separately from helic-
ity amplitudes. The reliability of this approach is tested by compar-
ing VMD predictions for fRNρ with values obtained from fitting the
hadronic decay widths into N ρ. A reasonable agreement is found,
but VMD tends to underestimate the coupling constants. In order to
confirm consistency with experimental data, we calculate the cross-
sections for photon-and pion induced reactions within a Breit-Wigner
model. Finally, we study how the properties of ω mesons in nuclear
matter are affected from the excitation of resonance-hole loops. For
an ω at rest, we find a broadening of about 40 MeV, while at higher
momenta the effect of resonance excitations is reduced.
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1 Introduction
Up to now a satisfactory understanding of baryon resonances in theN ω chan-
nel has not been achieved. A number of experiments on the photoproduction
of ω mesons have displayed indications for resonant structures [1]. However
the data basis is not sufficiently broad to allow for an unique determination
of the quantum numbers of the involved resonances. Thus – based mostly on
quark models – a number of resonances in the mass range of approximately
1.8− 2 GeV have been proposed to show a sizeable coupling to the ω meson
[2, 3, 4]. On the other hand, no experimental evidence for the existence of
baryon resonances in the N ω system has been reported from the reaction
πN → ωN [5].
An understanding of baryon resonances in the N ω channel is not only
important for a description of scattering experiments, but might also be of
interest as far as the properties of ω mesons in nuclear matter are concerned.
This conjecture is guided from the experience with the ρ meson, which has
been shown to undergo significant modification in the nuclear medium due
to the excitation of resonance-hole loops. In this scenario a central role
is played by the subthreshold resonance D13(1520) [6, 7, 8], suggesting that
especially information on the coupling strength of subthreshold resonances to
the N ω system would be very valuable for a determination of the in-medium
properties of the ω meson.
In this work we present estimates for the coupling strength of baryon
resonances to the ωN channel fRNω. Vector Meson Dominance (VMD) is
utilized to relate fRNω to the isoscalar strength of the electromagnetic decay
of the respective resonance, which is extracted from helicity amplitudes. The
analysis covers all resonances for which helicity amplitudes are currently
available [9, 10], most of which are below the nominal ωN threshold. A
coupling of subthreshold resonances to the N ω system has also been reported
elsewhere [8, 11]. In [8] such a mechanism is found to be necessary for a
satisfactory description of πN scattering within a coupled-channel analysis,
whereas the authors of [11] derive the coupling strength within a quark-model
approach. We will compare our results with those of both works.
The paper is organized as follows. The details of the extraction of fRNω
are presented in Sect. 2. In Sect. 3 we examine if our model gives reasonable
results by comparing the VMD prediction for the isovector strength with fits
to the hadronic decay width into the N ρ channel. Sect. 4 is devoted to a
presentation of the results for fRNω and a discussion of their compatibility
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with experimental information on the reactions πN → ωN and γ N → ωN .
Finally, in Sect. 5 the implications of excitations of resonance-hole loops for
the in-medium properties of ω mesons are examined.
2 Determination of fRNω
In this section we explain how we obtain an estimate for the magnitude of the
coupling strength of a baryonic resonance to the N ω channel. Before going
into the details of the calculation, we outline the basic idea of our approach.
Vector Meson Dominance (VMD) [12], a theory which describes photon-
hadron interactions exclusively in terms of vector meson-hadron interactions,
relates the hadronic coupling strength of resonances to vector mesons fRNρ(ω)
and the isoscalar and isovector part of the photon-coupling, see Fig. 1:
fRNω = gsmω
2 gω
e
(1)
fRNρ = gvmρ
2 gρ
e
.
As values for gρ and gω – the coupling strengths of ρ and ω meson to the
photon – we take gρ = 2.5 and gω = 8.7 [12]. The isoscalar and isovector
coupling strength of the resonance to the N γ system is given by gs and gv,
respectively, see Eq. 3.
Thus VMD gives access to both fRNω and fRNρ, if it is possible to obtain
gs and gv from experimental data. In order to achieve this goal, it is clearly
not sufficient to consider merely the total electromagnetic decay width of the
resonance. Rather, the coupling has to be decomposed into an isoscalar and
an isovector part, which is readily done by constructing suitable linear com-
binations of proton- and neutron-amplitudes. These amplitudes are known
from experiment [9, 10], thus allowing to deduce numerical values for gs and
gv.
In a nonrelativistic formulation, the coupling of baryon resonances to the
photon-nucleon system can be formulated as [6, 13]:
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LRNγ =


χ†R ǫijk σ
i qj ǫkλ χN I + h.c. for J
P = 1
2
+
χ†R ǫijk S
i qj ǫkλ χN I + h.c. for J
P = 3
2
+
χ†RRij F
ij
λ χN I + h.c. for J
P = 5
2
+
χ†R (σk ǫ
k
λ ω − σk qk ǫ0λ)χN I + h.c. for JP = 12
−
χ†R (Sk ǫ
k
λ ω − Sk qk ǫ0λ)χN I + h.c. for JP = 32
−
.
(2)
Here χ†R and χN denote resonance and nucleon spinors respectively. The
σi are the Pauli matrices, Si denotes the spin-3
2
and Rij the spin-5
2
transition
operator. q is the c.m. momentum of the photon, ω its energy and ǫλ its po-
larization vector. F ijλ denotes the spatial components of the electromagnetic
field strength tensor F µνλ with F
ij
λ = q
i ǫjλ− qj ǫiλ. By I we denote the isospin
part of the coupling which is given as:
I = χI †R
(
gs + gv
{
σ3
S3
})
χIN for


IR =
1
2
IR =
3
2
. (3)
The spinors χIR and χ
I
N represent resonance and nucleon isospinors and IR
denotes the isopin of the resonance. σ3 and S3 are defined as above.
Note that the invariant amplitude – as derived from (2) and (3) – for the
decay of a resonance into a proton, Mp, is proportional to gp = gs + α gv,
whereas for the neutron the amplitudeMn is proportional to gn = gs−α gv.
The factor α is defined as:
α = χI †R
{
σ3
S3
}
χIN . (4)
For nucleon resonances it is 1 and for ∆ resonances it is exactly the Clebsch-
Gordan coefficient for the respective transition, in this case α =
√
2
3
[14].
Thus, the linear combinations
Ms = 1
2
(Mp +Mn)
(5)
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Mv = 1
2
(Mp −Mn)


1 for IR =
1
2
1
α
for IR =
3
2
are proportional to gs and gv respectively. Ms and Mv describe the RNγ
system in terms of the isospin of the photon rather than the isospin of the
nucleon.
Experimental information on the decay amplitudes Mp and Mn exists
in form the of measured helicity amplitudes A
p/n
1
2
and A
p/n
3
2
. They describe
the transition of the photon-proton and the photon-neutron system to a
resonance state with jz =
1
2
or 3
2
, where the quantization axis is defined along
the direction of the photon momentum. From the helicity amplitudes the
isoscalar and isovector part of the coupling are constructed in exactly the
same way as shown in Eq. 5 for the Feynman amplitudes. The helicity
amplitudes are known from experiment at the pole-mass of the resonance,
allowing the determination of gs and gv.
To this end we introduce the γ-width Γγs/v, which – using the normal-
ization from [10] – is defined in terms of the helicity amplitudes As/v in the
following way:
Γγs/v(mR) =
q2
π
2mN
(2jR + 1)mR
(
|As/v1
2
|2 + |As/v3
2
|2
)
, (6)
with jR andmR denoting spin and pole-mass of the resonance. Note that after
the angular integration has been performed no interference terms between A
1
2
and A
3
2 appears in Eq. 6.
Clearly, Γγs/v can also be expressed using Feynman amplitudes:
Γγs/v(k
2) =
1
(2jR + 1)
q
8 π k2
|Ms/v|2 , (7)
where
√
k2 is the invariant mass of the resonance and q the momentum of the
photon in the rest frame of the resonance. After summing over the photon
polarizations, |Ms|2 assumes the following form:
|Ms|2 = 4mN mR κ g2s q2 F (k2) . (8)
The same relation holds for |Mv|2 with gs replaced by gv. For the formfactor
F (k2) at the RNγ vertex we assume the following functional dependence
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[7, 15, 16]:
F (k2) =
Λ4
Λ4 + (k2 −m2R)2
(9)
with Λ = 1. If we consider on-resonance decays (
√
k2 = mR) this formfactor
is equal to 1. The numerical factor κ depends on the quantum numbers of the
resonance. For isospin-1
2
resonances the values for κ are listed in Table 2. In
the case of ∆ resonances they need to be multiplied by a factor of F 2 = 2
3
due
to isospin. The two expressions Eqs. 6 and 7 can now be equated allowing
to solve for gs/v:
g2s/v =
4
κ
|As/v1
2
|2 + |As/v3
2
|2
q


1 for IR =
1
2
1
F 2
for IR =
3
2
. (10)
Again, in the case of ∆ resonances an additional factor α2 needs to be intro-
duced.
Thus it is possible to obtain gs/v from helicity amplitudes. The hadronic
couplings fRNω(ρ) are then readily deduced from the VMD relation Eq. 1.
The corresponding values are listed in Tables 1 and 2.
A modified version of VMD (called VMD1 in [12]) contains also a di-
rect coupling between hadrons – in our case baryon resonances – and the
photon. In particular, at the photon point q2 = 0 the photon-resonance in-
teraction proceeds without intermediate vector mesons, whereas the decay
into a massive photon consists of both a direct coupling term and a term
with an intermediate vector meson. In principle, it would be preferable to
perform an analysis such as ours within the framework of the modified ver-
sion of VMD by studying – currently unavailable – dilepton production data
on the nucleon. This process involves massive photons and would, in com-
bination with the data for real photons, allow one to disentangle the direct
photon and vector meson contribution. As a further advantage, the coupling
strength of the vector mesons then does not need to be extrapolated over
the large mass range from the photon point to the on-shell mass of ρ and ω
meson.
3 Results for the ρ: How Reliable is VMD ?
In this section we study the applicability of VMD in the resonance region.
This is done for the isovector part of the analysis, where the VMD predictions
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for fRNρ can be compared with the measured resonance decay width into the
N ρ channel.
We consider all resonances with jR <
7
2
, for which both the hadronic decay
widths into N ρ and the helicity amplitudes are known. This excludes a few
light resonances like the S11(1535) and the P33(1600), for which only upper
limits for the N ρ branching ratio exist [10]. For both the helicity amplitudes
and for the partialN ρ decay width we use different parameter sets in order to
provide an estimate for the experimental uncertainties entering this analysis.
The helicity amplitudes are taken from Arndt et al [9] and the PDG [10].
Furthermore we use the values obtained in the work of [15], which is of
particular interest as it represents the only available approach which describes
simultaneously hadronic-and electromagnetic reactions over the full energy
region of interest here. The ρ decay widths are taken from the analysis of
Manley et al [18, 19] and the PDG [10]. Furthermore, we study the additional
model dependence introduced by different parameterizations of the spectral
function of the ρ meson.
The hadronic coupling constant fRNρ is obtained via the following ex-
pression for the R → N ρ decay width (taken on the pole mass of the
resonance)[6]:
ΓR→N ρ =
1
8πm2R
1
2jR + 1
mR−mN∫
2mpi
dm 2mAρ(m) |MR→N ρ|2 q . (11)
The decay amplitudeMR→N ρ is obtained from the same Lagrangians as
in the electromagnetic case and is proportional to fRNρ [6]. q is the three
momentum of the ρ meson in the rest frame of the resonance. Note that
there is no formfactor in Eq. 11 because we consider the on-resonance decay.
The spectral function of the ρ meson Aρ(m) is taken as:
Aρ(m) =
1
π
mΓ(m)
(m2 −m2ρ)2 +m2 Γ2(m)
. (12)
The decay into N ρ of low-lying resonances, for example the D13(1520), pro-
ceeds mainly through the low-mass tail of Aρ. The shape of the tail is quite
sensitive to the parameterization of the ρ decay width. To study the effect
on fRNρ we compare two different parameterizations of the ρ decay width:
Γ(m) =
(
mρ
m
)2
Γ0
(
pm
pmρ
)3
(13)
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and
Γ(m) =
(
mρ
m
)
Γ0
(
pm
pmρ
)3 1 + r2 p2mρ
1 + r2 p2m
. (14)
The first version follows from a one-loop approximation of the self energy of
the ρ meson [6, 17], the second one is taken from the PDG [10]. m is the
invariant mass of the ρ meson, mρ = 0.768 GeV its pole mass and Γ0 = 150
MeV its decay width on the pole mass. pmρ (pm) denotes the 3-momentum
of the pions measured in the rest frame of a decaying ρ meson with mass
mρ (m). The range parameter r, appearing in the second expression has the
numerical value r = 5.3/GeV [10].
In Table 1 the results for the coupling constants and the corresponding
error-bars - which are calculated from the error-bars assigned to the partial
decay width and the helicity amplitude in the respective analysis - are given.
As a general tendency, our finding is that VMD works well within a factor
of two. It tends to somewhat underestimate the coupling constants, leaving
some room for an additional direct coupling of the resonance to the pho-
ton. This can be seen particularly well in the case of the D13(1520) and the
F15(1680), which are the most prominent resonances in photon-nucleon reac-
tions, and whose ρ decay widths are also well under control. Note that in the
case of the S31(1620) and the P13(1720) large discrepancies occur between the
VMD predictions based on different sets of helicity amplitudes, thus reflect-
ing the uncertainties inherent in this analysis. The helicity amplitudes from
Arndt [9] and PDG [10] produce nearly identical results for the ρ coupling
of the P13(1720), which might seem suprising as the helicity amplitudes from
both works are very different. However, most of these differences cancel out
in the isovector channel after proton- and neutron- amplitudes have been
subtracted from each other (see Eq. 5). In the isoscalar sector this cancella-
tion does not occur and both sets lead to very different predictions for fRNω ,
see Sect. 4.
For the P13(1720) and the F35(1905) VMD is off by an order of mag-
nitude. We argue that this mismatch does not hint on a failure of VMD,
but has to be attributed to the unsatisfactory experimental information on
these two resonances. Comparing the helicity amplitudes of the P13(1720)
obtained from different analyses [10, 15] reveals that neither their sign nor
their magnitude are under control at all. Also the partial decay width into
the ρN channel is subject to large uncertainties, here the PDG and Manley
differ by about a factor of three [10, 18, 19]. Obviously, the experimental
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observation of this resonance is very complicated and its parameters might
be sensitive to the details of the underlying theoretical model, such as the
treatment of the non-resonant background. For a conclusive VMD analysis
of these resonances it is therefore mandatory to enlarge the data base and
to describe hadronic- and photoinduced reactions within one model. In [13]
a VMD analysis for exactly these resonances was performed, leading to the
general conclusion - in contradiction to this work - that VMD is not at all
reliable in the resonance region.
Different parameterizations of the ρ decay width mainly influence the
coupling constants of low-lying resonances. Since the PDG parameterization
of the ρ decay (see Eq. 14) distributes more strength at invariant mass below
the ρ meson pole mass, it leads to smaller values for the coupling constant,
thus leading to an improved agreement between VMD and the hadronic fits.
This effect is most notable for the D13(1520) (see fourth and fifth column in
Table 1).
Summarizing the results, we conclude that VMD can be applied in the
resonance region on a phenomenological basis. We have shown that for the
coupling constants fRNρ it leads to an approximate agreement with values
adjusted to the hadronic decay width ΓRNρ with a tendency to somewhat
underestimate these values. Therefore, our approach should yield reasonable
predictions – at least for the lower limits – of the unknown coupling constants
fRNω.
4 Results for the ω: Strong Coupling of Sub-
threshold Resonances
In this section we present our results for the coupling constants fRNω follow-
ing from the VMD analysis and discuss their compatibility with experimental
information obtained from pion- and photon-induced ω-production cross sec-
tions.
All nucleon resonances with jR <
7
2
, for which helicity amplitudes have
been extracted, are included. Thus we consider only one resonance above
the N ω threshold in our analysis, namely the D13(2080). Three different
parameter sets for the helicity amplitudes are used, the results from the
analysis of Arndt et al [9] and Feuster et al [15] as well as the values listed in
the PDG [10]. The corresponding results for fRNω together with the error-
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bars are given in Table 2. We find a strong coupling to the N ω channel in the
S11, D13 and F15 partial waves; especially the S11(1650), the D13(1520) and
the F15(1680) resonances show a sizeable coupling strength to this channel.
In most cases the three parameter sets for the helicity amplitudes lead to
similar results. As in the case of the ρ meson, however, for a few resonaces
(P11(1440), S11(1650) and P13(1720)) the differences are more pronounced.
In particular, for the P13(1720) the poor experimental situation does not
allow a reliable extraction of the coupling strength, thus emphasizing the
difficulties concerning this resonance which were already discussed in the
previous section. The relatively large coupling constant for the D13(1520)
might at first seem surprising as the helicity amplitudes suggest that its
electromagnetic decay is mainly an isovector one, corresponding to a small
value for gs. However, fRNω is proportional to gω (see Eq. 1), which is about
three times larger than gρ. As a result, the ρ and ω coupling are of the same
size, but with a much larger error-bar for the ω coupling.
It is noteworthy that the resonances with the largest coupling are well be-
low the N ω threshold. Subthreshold resonances in the N ω channel are also
reported elsewhere [8, 11]. In [8] it is shown that within a coupled-channel
analysis the description of πN scattering enforces resonant structures in the
N ω channel. As in our work, strong contributions from the S11 and D13 par-
tial waves are found. Quantitatively, both approaches yield quite different
predictions for the coupling strength of the D13(1520), however. Whereas
our VMD analysis predicts a coupling strength of about 3 (see Table 2), in
[8] a value of fRNω ≈ 6.5 is given. At the same time it is found in a quark
model calculation [11] that the coupling constant of this resonance should
be fRNω ≈ 2.6, which is surprisingly close to our result. However, from
their quark model calculation the authors of [11] obtain initially coupling
constants for hadronic Lagrangians which display very different energy de-
pendences compared to ours. To be specific, in the case of the D13(1520)
close to threshold ω and nucleon couple in a relative d-wave in their formal-
ism, rather than forming an s-wave state as following from our Lagrangian,
see Eq. 2 (which for example has also been employed in [8]). Thus a direct
comparison of the results as done in [11] is possible only after simplifying
assumptions, if at all.
A direct experimental observation of a resonant coupling of subthreshold
resonances is very complex, since the resonances can add to the cross-sections
only through the high-mass tails of their mass distribution and are therefore
hard to disentangle from background effects. Sensitivity to the contribution
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of subthreshold resonances in ω production experiments can probably only
be achieved by studying polarization observables. The current data do not
permit such a project, however. As was pointed out in various previous works
[20, 21, 22], an analysis of dilepton production on the nucleon in combination
with VMD might provide further insight on this issue.
In spite of these difficulties, it is still rewarding to compare the VMD pre-
dictions with existing data on the reactions π− p→ ω n and γ p→ ω p. Thus
it is possible to infer if the predicted coupling constants of the subthresh-
old resonances produce a satisfactory overall agreement with data above the
threshold. Comparison with data allows also to discuss the results for the
D13(2080), the only resonance in our analysis above threshold. Based on
recent data from photoproduction experiments, which display a richer struc-
ture than expected within a simple meson-exchange model, the search for
resonances in the N ω channel has so far concentrated on the mass range of
approximately 1.8 − 2 GeV. At the current stage the data do not allow to
pin down the quantum numbers of the involved resonances, however, and a
variety of predictions exist [1, 2, 3, 4]. The D13(2080) is not amongst them.
In contrast to the photoproduction data, no experimental signature of a cou-
pling of baryon resonances to the N ω channel above the threshold has been
detected in pion induced reactions [5]. We find for the D13(2080) an ω decay
width of about 70 MeV and argue that its contribution to both reactions is
too small to be seen in experiment.
As a first approximation, we take the full production amplitude as an
incoherent sum of Breit-Wigner type amplitudes, describing s-channel con-
tributions:
σab =
∑
R
2jR + 1
(2jN + 1)Ωa
π
k2a
Γa Γb
(Ea − ER)2 + Γ2tot/4
. (15)
Here a stands for the incoming channel (π− p or γ p) and b for the ωN
channel. Γa(b) denote the respective partial decay width of the resonance and
Γtot its total decay width, taking into account the ωN decay as well. The
energy dependence of the photon and the ω decay amplitudes is obtained
from the Lagrangians given in Eq. 2 and the formfactor of Eq. 9 with
Λ = 1.0. Whenever possible, fRNω is obtained from the helicity amplitudes
from Arndt et al, otherwise the PDG estimates are used. For the remaining
channels we take the parameterization from Manley et al. In Eq. 15 Ωa is 1
for the pion and 2 for the photon. ka is the cm-momentum of the particles in
channel a and Ea denotes their cm-energy. All resonances listed in Table 2
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are included. We stress that the only free parameter is the cutoff parameter
Λ.
The results for both reactions are shown in Fig. 2 and Fig. 3. The data for
the π-induced reaction are taken from [5] and we use the photoproduction
data of [23]. The cross-section for π− p → ω n is reproduced rather well,
especially near threshold, whereas at high energies some strength is missing.
This is in approximate agreement with the findings of the authors of [8], who
are able to give a satisfactory description of this process around threshold
in terms of subthreshold resonances. One can therefore conclude that the
excitation of subthreshold resonances constitutes an essential ingredient to
the production mechanism. This interpretation is confirmed by the fact that
it is hard to understand this process in terms of non-resonant amplitudes
only. Already the contribution from ρ0 exchange overestimates the data;
only by suppressing the amplitudes by the introduction of very restrictive
form factors a rough agreement with experimental data can be achieved [24].
Similar problems have been reported in [17] in a model that includes all Born
terms. The contribution coming from the only resonance above threshold –
the D13(2080) – is about 0.1 mb, roughly 10% of the total cross-section. This
is certainly too small to produce a distinguishable resonant structure in the
total cross-section.
On the other hand, the photoproduction data can not be saturated within
the resonance model. In particular, it seems futile to look for theD13(2080) in
this reaction. Since it is commonly assumed that the π0-exchange as invoked
in [25] plays a key role in the photoproduction we – incoherently – added
this contribution using the same parameters as given in [25]. As shown in
Fig. 3 the sum of both mechanisms yields a qualitative explaination of the
data over the energy range under consideration.
It is not surprising that the resonance contribution is more likely to pro-
duce lower bounds for the cross-sections. We already discussed in Sect. 3,
that the VMD analysis tends to underestimate the hadronic coupling con-
stants. Also, at energies above the ωN threshold, the helicity amplitudes
of only a few resonances are known and the experimentally observed cross-
sections have to be explained by additional production mechanisms, such as
the π-exchange in the photoproduction. Keeping this in mind, the predic-
tions of the resonance model are in reasonable agreement with the data and
can be viewed as a confirmation of the VMD analysis.
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5 The ω Meson in Nuclear Matter
In the previous section we discussed the relevance of resonances in the ωN
channel for an understanding of ω production data. Here we study up to
which extent the existence of these resonant states affects the properties of
ω mesons in nuclear matter. Of particular interest in this context is the fact
that the VMD analysis predicts a strong coupling of subthreshold resonances,
since in the case of the ρ meson it is widely acknowledged that its in-medium
properties are dominated by low lying resonances, especially the D13(1520).
The in-medium properties of the ω meson can be read off its spectral
function, which is defined as:
Amedω (ω,q) =
1
π
ImΣtot(ω,q)
(ω2 − q2 −m2ω − ReΣmed(ω,q))2 + ImΣtot(ω,q)2
. (16)
Energy and three-momentum of the ω meson are denoted by ω and q. The
total self energy of the ω meson Σtot is the sum of the vacuum and the in-
medium self energies Σvac and Σmed. In this work we neglect ReΣvac and
approximate ImΣvac with the dominating 3 π decay width. We assume that
this decay may only proceed via an intermediate ρ meson. The coupling
constant fωρpi is adjusted to reproduce the vacuum decay width of 8.41 MeV
[10].
To lowest order in the nuclear density ρN , the in-medium self energy of
the ω meson Σmed in symmetric nuclear matter is given by:
Σmed = ρN TωN , (17)
where TωN is the spin/isospin averaged ωN forward scattering amplitude.
We approximate the scattering amplitude as a sum over all resonances which
are discussed in this work and determine the resonance contributions in a
non-relativistic approach.
For further details of the calculation the reader may consult our previous
publication on the ρ meson [6, 7]. Both calculations are carried out within
the same framework, differences appearing only in some minor points: First,
the explicit values for the coupling constants and isospin factors are different.
More crucial, we now evaluate the self energy in the cm-frame rather than
in the rest frame of the nucleon. We do so since it has been demonstrated
in [7] that thus a much better approximation of a relativistic calculation is
achieved. As explained in [7], this leads in general to a reduction of the
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results. Finally, at the ωN R vertex the same formfactor is taken as in Eq.
9, in contrast to the choice in [6].
In Fig. 4 we show the spectral function for both an ω meson at rest and
moving with a momentum of 0.4 GeV with respect to the nuclear medium.
The most obvious observation is that our model predicts an in-medium ω
meson which survives very well as a quasi-particle. At rest, its peak position
is slightly shifted upwards by about 20 MeV, due to level-repulsion. The
in-medium width is roughly 40 MeV as can be read off Fig. 5, where Σmed
is depicted for an ω at rest. The ωN forward scattering amplitude contains
all elastic and inelastic channels. In the previous section we demonstrated
that our model can give a good description of the important πN channel
close to threshold. This enhances our belief that the VMD approach yields
reasonable results for the in-medium properties of the ω meson, especially
for an ω at rest.
By construction, the in-medium self energy develops resonant structures
in the subthreshold region. The most important contributions come from
the D13(1520) and the S11(1650) resonances. In contrast to the case of the
ρ meson, these structures translate only into small bumps in the spectral
function, reflecting - as follows from the coupling constants - that the ω self
energy is substantially smaller than that of the ρ meson.
Our value for the in-medium broadening of the ω meson is in approximate
agreement with that obtained in [17] and – in a dynamical simulation – in [26]
and [27]. Also in the coupled channel analysis of [8] an in-medium broadening
of 40 MeV for the ω meson is reported. However, in this work the authors find
that the ω spectrum displays a richer structure in the subthreshold region,
which is not surprising since their coupling constant for the D13(1520) is
much larger.
At higher momenta the influence of resonance-hole excitations gets re-
duced, see Fig. 4. Also, the longitudinal and transverse channel display a
very similar behaviour (we therefore only show the results for the transverse
channel). This is different from the case of the ρ meson, whose spectral func-
tion at large momenta receives a strong broadening in the transverse channel
from the the coupling of p-wave resonances, for example the P13(1720), whilst
the longitudinal mode is only slightly modified. In the case of the ω meson
however, only the F15(1680) shows a sizeable coupling strength.
We have already mentioned that the ω decay in vacuum proceeds mainly
via an intermediate ρ meson. Due to kinematics, only the low-mass tail
of the ρ mass spectrum is involved in this process. Consequently, if a lot
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of ρ strength is shifted to smaller invariant masses in the nuclear medium
– as is generally believed, see for example [6, 7, 28] – the ω meson will
receive additional broadening. We have estimated this effect by replacing
the vacuum spectral function of the ρ with the in-medium one as given in
[7] for the calculation of the ω decay. To lowest order in the density, this
corresponds to scattering processes like ωN → π R, where R stands for any
baryon resonance included in the calculation in [7]; such processes have so
far not been included in any calculation. We find an additional in-medium
width for the ω of about 40 MeV at the ω mass from this process. It has to be
pointed out, however, that we did not take into account the corresponding
mass-shift of the ω meson. Since the ω decay width varies rapidly as a
function of its mass, this is a strong simplification.
6 Summary
We have calculated the coupling strength of baryon resonances to vector
mesons in a VMD approach. The isoscalar and isovector strength of the
photon coupling are extracted by means of helicity amplitudes. For the
isovector part we compare the VMD approach with fits to the hadronic decay
width of the resonance into the N ρ channel. This allows to test the reliability
of VMD in the resonance region. We find that VMD works well within a
factor of two, with a tendency to underestimate the coupling strength.
In the ω channel we find a strong coupling of subthreshold resonances, es-
pecially the D13(1520) and the S11(1650). A direct experimental observation
of these couplings is very complex and not possible within the current data
base, which provides only an upper bound for the resonance contribution.
We have calculated the total cross-section for the reactions γ N → ωN and
πN → ωN with a simple Breit-Wigner ansatz and have shown that our cou-
pling constants do not overestimate the data. In particular, the pion-induced
reaction is very nicely described near threshold. We have argued that these
results can be interpreted as a confirmation of the VMD model.
Guided by the observation, that the ρ meson properties in nuclear matter
are strongly modified from the excitation of resonance-hole loops, we estimate
these effects for the ω meson. Since on average the ω couples weaker to baryon
resonances than the ρ, the effects are not as pronounced. In contrast to the
ρ meson, the ω survives very well as a quasi-particle. For an ω at rest, we
find an upward mass-shift of about 20 MeV and an in-medium broadening
15
of about 40 MeV. At higher momenta the medium modifications are further
reduced. By taking into account also the possibility that in nuclear matter
the ω meson might decay into a modified ρ meson, we calculate an additional
broadening of the ω of about 40 MeV.
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fRNρ(Arndt) fRNρ(Feuster) fRNρ(PDG) fRNρ(Man1) fRNρ(Man2) fRNρ(PDG)
D13(1520) 3.44±0.18 2.67 3.42±0.20 6.67±0.78 5.79±0.68 6.66±1.26
S31(1620) 0.89±0.42 0.10 0.69±0.23 2.14±0.30 2.06±0.28 2.61±1.01
S11(1650) 0.70±0.08 0.59 0.57±0.31 0.47±0.19 0.45±0.18 0.79±0.31
F15(1680) 3.48±0.39 — 3.14±0.37 6.87±1.57 6.36±1.45 7.33±2.29
D33(1700) 3.96±0.77 3.68 4.02±0.62 1.96±0.67 1.93±0.67 4.91±1.57
P13(1720) 0.25±0.42 0.93 0.19±0.79 13.17±3.35 12.09±3.17 7.42±1.64
F35(1905) 2.47±0.55 — 2.56±0.75 17.97±1.14 17.57±1.12 14.19±3.10
P33(1232) 13.40±0.2 11.96 13.29±0.28 — — —-
Table 1: Listed are the hadronic coupling constants fRNρ obtained from the isovector electromagnetic
amplitudes through a VMD analysis. The first column shows the results employing the helicity amplitudes
from Arndt et al [9]. In the second column the helicity amplitudes from Feuster et al [15] are used instead
and the third column shows the results obtained from the PDG estimates [10]. For comparison we show
also the values for fRNρ resulting from direct fits to the partial decay width ΓRNρ. The values for ΓRNρ are
taken from Manley et al [19] (4th column) and PDG (6th column), the ρ decay is parameterized according
to Eq. 13. To point out further inherent uncertainties in the analysis, we show in the 5th column the results
from a fit to Manley’s values for the partial width, using the parameterization from Eq. 14 of the ρ spectral
function.
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κ fRNω(Arndt) fRNω(Feuster) fRNω(PDG)
S11(1535) 4 1.27±1.58 1.36 0.76±1.23
S11(1650) 4 1.59±0.29 0.56 1.12±1.09
D13(1520) 8/3 2.87±0.76 2.28 3.42±0.87
D13(1700) 8/3 −−− 1.88 0.65±2.76
D13(2080) 8/3 −−− −−− 1.13±1.46
P11(1440) 4 0.61±0.68 1.26 0.85±0.48
P11(1710) 4 0.14±0.85 0 0.20±1.02
P13(1720) 8/3 0.29±1.30 2.18 1.79±3.18
F15(1680) 4/5 6.89±1.38 −−−− 6.52±1.49
Table 2: The coupling constants fRNω as extracted from the helicity ampli-
tudes from the Arndt et al [9](2nd column), Feuster et al [15] (3rd column)
and the PDG group [10] (4th column). In the first column we give the values
for κ (see Eq. 10).
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Figure 1: Diagrammatic description of the electromagnetic decay of a reso-
nance in the VMD approach. The diagrams correspond to Eq. 1.
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Figure 2: Total cross-section for the reaction π− p → ω n. The data are
taken from [5].
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Figure 3: Total cross-section for the reaction γ p → ω p. The data are
taken from [23].The straight line shows the cross-section resulting from the
resonance model, where the dashed line indicates the sum of resonance and
pion-exchange contributions.
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Figure 4: The spectral function of an ω meson in nuclear matter versus
its the invariant mass m. Shown are results at q = 0 GeV (solid line) and
at q = 0.4 GeV (dotted line). Only the transverse part is displayed. As
discussed in the text, there is virtually no difference between transverse and
longitudinal spectral function at 0.4 GeV.
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Figure 5: In-medium self energy of an ω meson at rest as a function of its
invariant mass m. One clearly sees resonant structures from the excitation
of the D13(1520) and the S11(1650).
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